Tongue-lip adhesion can be effective in relieving tongue-based airway obstruction in the neonatal period. However, longitudinal evaluation of these patients demonstrates they require additional procedures for ultimate control of their airway, feeding, and orthognathic relationship. Charts of patients with Pierre Robin sequence who underwent unsuccessful nonoperative treatment and tonguelip adhesion procedures by the senior author between 1989 to 1999 were reviewed. In particular, secondary interventions were quantified and qualified to determine if tongue-lip adhesion was a definitive treatment of the pathology caused by this sequence. Eleven patients with ages ranging from 2 to 6 weeks underwent initial tongue-lip adhesion. Seven patients were syndromic (3 Stickler's, 1 Goldenhar's, 1 Fragile X, 1 Miller's, 1 chromosome 15 rearrangement), and four had isolated Pierre Robin sequence. Two patients had dehiscence of their initial repair within 2 weeks, for a primary surgical success rate of 82%, consistent with other published reports. A detailed follow-up of these patients revealed that 10 of 11 (91%) required additional intervention for airway or feeding issues. Of those requiring secondary intervention, an additional 1.9 secondary procedures were performed per patient to achieve control of the airway, feeding, and orthognathic problems. More than half of the patients needed gastrostomy tubes to overcome feeding difficulties. Five patients necessitated secondary surgery for recurrent airway obstruction within 4 months of the initial surgical treatment (four distractions and one repeat tongue-lip adhesion). Four others required distraction at an older age for orthognathic indications. Two patients were successfully treated with tongue-lip adhesion only. Tongue-lip adhesion has a high initial success rate for correction of neonatal airway obstruction. However, long-term follow-up indicates a high incidence of secondary intervention requirements. In retrospect, perhaps tongue-lip adhesion should be considered a temporizing procedure for most patients with Pierre Robin sequence.
T ongue-lip adhesion was introduced almost 60 years ago for relief of neonatal airway obstruction. [1] [2] [3] With increasing scientific data accumulating on the genotypic and sporadic causes of Pierre Robin sequence paired with the phenotypic variability of patient presentation, a critical re-evaluation of the long-term outcomes of various surgical procedures proposed for its management is needed. The purpose of this review is to assess the need for secondary interventions required for patients with Pierre Robin sequence treated with tongue-lip adhesion to establish airway control, proper orthognathic relationship, and sufficient weight gain.
MATERIALS AND METHODS

A
ll neonates with respiratory distress because of Pierre Robin sequence who had unsuccessful nonoperative treatment and who underwent tonguelip adhesion between 1989 and 1999 at Children's Hospital of Wisconsin by the senior author were reviewed. In addition, all patients were followed up in the Cleft Palate Staffing Clinic at Children's Hospital of Wisconsin, as well as by the senior author. All patients had tongue-lip adhesion using Randall's technique. 4 In total, 11 patients were identified. Data, including age at operation, diagnosis, and secondary surgical interventions, were tabulated. Secondary in-terventions were defined as any surgical intervention that aided the patient's airway, orthognathic relationship, or feeding ability. These included repeat tongue-lip adhesion, tracheostomy, mandibular distraction for airway control, mandibular distraction for orthognathic indications, and gastrostomy.
RESULTS
E
leven patients underwent initial tongue-lip adhesion at 2 to 6 weeks of age, with average followup of 7.9 years (range, 5-15 years). Four (36%) of these patients had isolated Pierre Robin sequence, whereas 7 others had an associated syndrome (Table  1) . Airway control was successful with initial surgical intervention using tongue-lip adhesion in 73% (8/11) of the patients. Ten (91%) of these patients required secondary intervention. In total, 19 secondary interventions were performed: seven for airway compromise, six for feeding issues, five distractions for orthognathic considerations, and one distraction for tracheostomy decannulation (Figs 1, 2 ).
Longitudinal assessment of these patients revealed that several secondary procedures were necessary to manage the effects of Pierre Robin sequence (PRS). Dehiscence of the initial tongue-lip adhesion was found in three patients by 2 weeks after surgery. Two of these three patients underwent repeat tongue-lip adhesion, one of which was successful in managing the airway (patient 4, isolated PRS). The other child (patient 10, Stickler's syndrome) had a second dehiscence and along with the third patient (patient 11, isolated PRS) underwent neonatal mandibular distraction for airway control.
Three patients had difficulty with their airway after release of the retention suture. Specifically, patient 6 (Goldenhar's syndrome) required tracheostomy after severe respiratory embarrassment occurred after removal of the button from the tongue-lip adhesion. This patient was eventually decannulated at the age of 2 years after mandibular distraction corrected the tongue base airway obstruction. Similarly, patients 8 and 9 (Stickler's syndrome) had recurrence of their airway symptoms. As in the previous case, both patients' airways were successfully managed with mandibular distraction at the ages of 4 and 10 months, respectively. Therefore, the primary surgical success rate in this series was 73% (8/11), with an overall success rate using tongue-lip adhesion to resolve the immediate neonatal airway compromise of 82% (9/11).
Three patients whose airways were successfully managed with tongue-lip adhesion continued to have severe class II malocclusion. Patients 2 (isolated Pierre Robin), 3 (Miller's syndrome), and 5 (chromosome 15 translocation) went on to need mandibular distraction, which was performed at 18, 54, and 14 months of age, respectively, for orthognathic considerations. 
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More than half of our patient population had difficulty maintaining adequate nutrition after tongue-lip adhesion. In this series, all patients who required nutritional support for more than 30 days had a gastrostomy tube placed. Patients 3, 5, 6, 7, 8, and 10 underwent gastrostomy tube placement without complication and continued to need nutritional support for more than 1 year.
Overall, two patients, both with isolated Pierre Robin sequence (patients 1 and 4), underwent only tongue-lip adhesion, one of whom (patient 4) required two tongue-lip adhesions, and three patients (1, 4, and 7) did not require distraction for any reason. Cumulatively, 19 secondary interventions of a possible 55 (35%) were performed on 10 patients, or an average of 1.9 secondary interventions were performed on each patient who required a secondary procedure of any type. If the data are analyzed without including gastrostomy, then 13 secondary surgical interventions of a possible 44 (30%) were performed on nine patients, or an average of 1.4 secondary surgical interventions were performed for each patient requiring a secondary surgical procedure.
DISCUSSION
T ongue-lip adhesion was described approximately 60 years ago. It can be successful in the immediate postoperative period in relieving airway obstruction.
1-3,5-7 These patients were treated before mandibular distraction for neonates with severe airway obstruction secondary to Pierre Robin sequence in was initiated in 1999. Long-term follow-up of these patients shows a significant incidence of obstructive sleep apnea and growth retardation. 5 Historically, severe cases were treated with tracheostomy, which is associated with a significant morbidity and mortality. [8] [9] [10] [11] Our series compares favorably with recently published series in terms of initial success in relieving airway obstruction and incidence of tracheostomy. 5, 6 A more critical examination of all of these series reveals that patients treated by tongue-lip adhesion have a high incidence of needing repeat intervention for obstructive sleep apnea, recurrence of airway symptoms or orthognathic procedures, as well as a need for nutritional support.
After initial success with tongue-lip adhesion, two patients (8 and 9) had recurrence of airway and/or feeding difficulties 3 to 4 months after surgery. This has not been reported in previous surgical series after tongue-lip adhesion. Hoffman 5 reported one patient who required late tracheostomy after tongue-lip adhesion. Similarly, Wilson el al 12 reported on the delayed presentation of airway compromise. Explanation of this phenomenon traditionally has been attributed to disproportional growth of the tongue relative to the mandible in the first months of life. 13 Figueroa 14 later proved by longitudinal cephalometric analysis that the tongue surface area was smaller than normal in patients with Pierre Robin sequence and that the ratio of tongue surface area to mandible length did not change significantly between 3 and 24 months. This subject requires additional investigation.
More than half of our patients required gastrostomy. The need for gastrostomy in the literature varies from 0% to 30% in this patient population. 5, 6 However, the need for nutritional support for more than 1 month can be as high as 72%. 5, 6 Our higher incidence of gastrostomy may be explained by the systematic placement of gastrostomy tubes for patients requiring support for more than 30 days.
Mandibular distraction has been proposed as an alternative to tracheostomy for patients with neonatal airway obstruction in Pierre Robin sequence. We have previously shown the efficacy of mandibular distraction in relieving neonatal airway obstruction in carefully selected patients with Pierre Robin sequence. 9 Several centers proficient with distraction are reporting similar experiences (UMKC, Mexico City, Atlanta, UCLA). 15, 16 The emergence of longterm outcome studies from these centers will determine efficacy of each technique on the multiple aspects of the Robin sequence. This will allow additional insight into selecting the most appropriate care for these patients.
The relationship between airway and feeding in these patients is widely recognized in the literature. 4 However, this phenomenon is poorly studied. As reported in other studies, 5 many of our patients who underwent tongue-lip adhesion begin their life in the lower percentiles of the growth chart. Notably, these same patients who underwent mandibular distraction were found to have an exuberant growth spurt, which elevates them above the 50th percentile. Furthermore, they have been able to maintain themselves at their new-found percentile spontaneously on liberal oral feeding. These findings have not been duplicated after tongue-lip adhesion. These data have directed us to pursue this new avenue of study, to determine the efficacy of neonatal mandibular distraction osteogenesis in addressing other needs of these patients beyond airway obstruction, as well as the stability of the results with growth for extended time periods.
CONCLUSION
Tongue-lip adhesion can be effective in relieving tongue-based airway obstruction in the neonatal period. However, our data and the longitudinal studies of others show that multiple secondary procedures may be needed for ultimate management of the airway, feeding, and orthognathic relationship. These data and long-term outcome studies from mandibular distraction centers should be taken into consideration when proposing a definitive management algorithm for neonatal airway obstruction associated with Pierre Robin sequence. Based on these and previously published results concerning alternative management of neonatal airway obstruction, we consider tongue-lip adhesion a nondefinitive procedure. 8, 9, 15, 16 Similar long-term outcome studies are needed for mandibular distraction and alternative techniques proposed for the management of the airway in these patients.
